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AQMEII2 AT

Karlsruhe Institute of Technology

AQMEII: Air Quality Model Evaluation International Initiative
Initiated by JRC Ispra, US-EPA, and Environment Canada
http://agmeii.jrc.ec.europa.eu/

First phase: 2010-2011; Atmospheric Environment 53 (2012)
Second phase with focus on online coupled models
European Domain: 20 Participants (1 with offline model)
Cost action ES1004 EuMetChem

7 contributions with WRF-Chem with simulations for Europe
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AQMEII2 & WRF-Chem KIT

rlsruhe Institute of Technology

Contributions with WRF-Chem

1) Univ. UAquila, CETEMPS (Gabriele Curci, Paolo Tucella)

2) RSE (Guido Pirovano, Alessandra Balzarini)

3) Univ Murcia, MAR-UMU (Pedro Jiménez-Guerrero, Rocio Baro)
4) KIT, IMK-IFU (Renate Forkel, Johannes Werhahn)

5) Univ. Pol. Madrid, ESMG (Roberto San José, Juan L. Pérez)

6) Univ. Ljubliana SPACE-SI (Rahela Zabkar, Luka Honzak)

7) ZAMG (Marcus Hirtl)
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Coordinated WRF-Chem simulations (AT
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** Spontaneous movement intended to minimize efforts of
groups running WRF-Chem over Europe with contribution to
pre- and post-processing and code additions from everyone

+* Coordinated effort with identical domain and preprocessing

** Coordinated set of model parameterizations, in order to
analyze differences in simulations 1 change per time
(not always possible though ...)
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AQMEII2 WRF-Chem chemical/microphys. options

Version
Microphys.
Gas chem.

Inorg.
aerosol

Org. aero
GS wet.dep

Conv. w.dep

GS ag. chem
Conv. ag.ch

Aero dir eff

GS aero
indir effect

Other

Ljubljana
3.4.1

Morrison

RADM2

MADE

SORGAM
Simple
yes

WT86

No

No

Ljubljana
3.4.1

Morrison

RADM2

MADE

SORGAM
Simple
yes

WT86

Yes

No

KIT

34.1

Morrison

RADM2
Integlmod

MADE

SORGAM
Easter04
yes
WT86
WT86

Yes

Yes

34.1

Morrison

RADM2

MADE

SORGAM
Easter04
yes
FPO1
WT86

Yes

Yes

Renate Forkel, KIT, IMK-IFU
renate.forkel@kit.edu

Lin

RADM?2

MADE

SORGAM
Easter04
yes
FPO1
WT86

Yes

Yes

3.4 with 1

3.5 VBS :

Morrison I

RACM

MADE

VBS
Easter04
yes
WT86
WT86

Yes

Yes

3.4.1
Morrison
CBMZ

MOSAIC
4 bins

Simple
yes

No

No

Morrison

CBMZ

MOSAIC
4 bins

Easter04
yes

FPO1

Yes

Yes

No dust
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AQMEIl recommend:
e1-day meteo-only spii-up +
*2-days simulations with chemistry

General Setup

.
l *Chemistry restarted from
ISpiipl ___ sim3 | :
Meteo C ’ previous run
v N
R Eoinsl _ sim2 [N Long enough to allow feedback
_ trace gas & aerosol .
:_m-T T [epeedec <> short enough for suppressing
- . -, semi-direct effects?
day » ﬁTerram Height (m)
WRF/Chem version 3.4.1
with common modifications

40°N —

(one simulation with 3.5)

e Lambert projection (50N, 12E) -
270 x 225 cells, dx = 23 km :

o . 10
Y 33 eta Ievels Terrain Height (m)
0 300 600 900 1200 1500 1800 2100 2400
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Magnitude of feedback effects

AT

Karlsruhe Institute of Technology

Caze 0316-C05 — Taylor diagrarm — PRECIF Pracipitation in cm AQMENZ EU RECEPTORS P . .t t.
Cata time window: from Z010-01-01 0100 to Z070-02-07 O0:00 UTC — Poolk DEbelow1000 Metearology rec'pl a Ion
Engemble & dota range: [0.O0E+00,4.00E—01] — Models B data range: [0.00E+20,1.20E+00] Start: 2010-01-01 00:00 LT
Ensaemble & thrashold:  0.00E+00 — Enserble B threshold:  Gu00E+00 over Germany
9 01 g,
0 -

Ensemble A type: none

January 2010
(Only at AQ

% 512
Ensemble B type: none stations I)
1.5 e AT
Y e Decrease of
o precipitation
° . due to indirect

0.5

Mermalized Standard Deviation (curves)
=

E = centered RMS difference
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effect (increase
of precipitation
due to indirect
effect can occur
for very clean
conditions)
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Magnitude of feedback effects ST

Karlsruhe Institute of Technology

Cose 0316-005 — Taylor diagram — PRECIF Precipitation in cm AQMENZ EU RECEPTORS P . -t t-

Cota titne window: frotm 2010-07-01 01:00 to 2010-08-01 0000 UTC — Pool: DEbelow1000 Metenralogy rec'pl ation
Ensemble & data range: [DLODE+00,2.10E4+00] — Medels B dota range: [0LODE4-00,2,.50E4+00] Start: 2010-01-01 0000 LTS

Ensemble A thrasheld:  0L.00E+0D — Ensemble B threshold:  0.00E+00 over Germany

July 2010

Ensemble & type: nohe
5 5 ? (Only at AQ

Ensembla B type: none StatIOHS !)
e AT
LE4
¢ ES1
ESE
e [Tl
e T2
a1

Morrmalizad Standard Deviation (curvas)

E = centered RMS difference
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Solar radiation: July 2010 AT

Karlsruhe Institute of Technology

Baseline Difference direct - base Diff. (dir + indir) - base

WRF-Chem SWDOWN July 2010 WRF-Chem SWDOWN July 2010 WRF-Chem SWDOWN July 2010
Base case of Unv. Ljubliana it 2010-06-30_00:00:00 ULarf - UL Init: 2010-06-30_00:00:00 ZAMG - UL Init: 2010-06-30_00:00:00

DOWNWARD SHORT WAVE FLUX AT GROUND SURFACE (W m-2) DOWNWARD SHORT WAVE FLUX AT GROUND SURFACE (W m-2) DOWNWARD SHORT WAVE FLUX AT GROUND SURFACE (W m-2)

B60°N —

55°N —

50°N —

45°N 45°N —|

40°N 40°N —

35°N —| 35°N —

30°N 30°N —|

25°N 25°N —

10°W 0° 10°E 20°E 30°E 40°E 10°W 0° 10°E 20°E 30°E 40°E ow 0 10°E 20°E 30°E 40°E
DOWNWARD SHORT WAVE FLUX AT GROUND SURFACE (W m-2) DOWNWARD SHORT WAVE FLUX AT GROUND SURFACE (W m-2) DOWNWARD SHORT WAVE FLUX AT GROUND SURFACE (W m-2)
40 B0 120 160 200 240 280 320 360 400 100 -80 60 -40 20 0 20 40 60 80 100 100 80 60 -40 -20 O 20 40 60 80 100

Almost no difference for different simplified liquid phase chemistry
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55°N

30°N

Temperature: July 2010

Baseline Difference direct - base

WRF-Chem 2m-Temperature July 2010 WRF-Chem 2m-Temp July 2010
Base case of Unv. Ljubliana Init: 2010-06-30_00:00:00 ULarf - UL Init: 2010-06-30_00:00:00
TEMPal2M (K) TEMPat2M (K)

10°E 20°E

TEMP at2M (K) TEMP at 2M (K)

264 268 272 276 280 284 288 292 296 300 304 308 312 1-9-8-7-6-5-4-3-2-1.0 123 456.78.91

Renate Forkel, KIT, IMK-IFU
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AT

Karlsruhe Institute of Technology

Diff. (dir + indir) - base

WRF-Chem 2m-Temp July 2010
KIT - UL Init: 2010-06-30_00:00:00

TEMPat2M (K)

10°W [ 10°E 20°E 30°E

TEMP at2M (K)

1-9-8-7-6-5-4-3-2-10 12345678391
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PBL height: July 2010

Baseline

WRF-Chem PBLH July 2010

Base case of Unv. Ljubliana Init: 2010-06-30_00:00:00

PBL HEIGHT (m)

20°E

30°E

PBL HEIGHT (m)

0 200 400 600 800 1000 1200 1400 1800 1800
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60°N —

45°N —

35°N —

30°N —

25°N —

WRF-Chem PBLH July 2010

AT

Karlsruhe Institute of Technology

Difference direct - base Diff. (dir + indir) - base

WRF-Chem PBLH July 2010
KIT - UL

ULarf - UL Init: 2010-06-30_00:00:00 Init: 2010-06-30_00:00:00

PBL HEIGHT (m) PBL HEIGHT (m)

-

10°W o 10°E 20°E 0

10°E

20°E

PBL HEIGHT (m) PBL HEIGHT (m)

-100 -80 -60 -40 -20 o 20 40 B0 B0 100 -100 -80 -60 -40 -20 0 20 40 60 80 100
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Precipitation: July 2010 AT

Karlsruhe Institute of Technology

Baseline Difference direct - base Diff. (dir + indir) - base

WRF-Chem TOTAL RAIN July 2010 WRF-Chem TOTAL RAIN July 2010

WRF-Chem Base Case: TOTAL RAIN July 2010 Inlt; 2010-06-30_00:00:00 Direct Rad Feedback - Base Case Init; 2010-06-30_00:00:00 Full Rad Feedback - Base Case Inlt; 2010-08-30_00:00:00
AGCUMULATED TOTAL PRECIFITATION  (mm] ACCUMULATED TOTAL PRECIPITATION (mm) ACCUMULATED "PRECIPITATION (mm)
EUON% Dy, o 7{&/&?1 S ?,‘:: ¥ ‘: T “:u..‘:.‘?'fi
. o daté *» & Lol Mo A N
s 4 ke ss — 2 . o \ .,"
50°M —| . 500N — p _" e AT
Y ’ | ¢
45N LR = _v 2 f L
{3 Sty ik 2"
40°M —| 40°N — X s~y : o
35°N — 35°N — )
30°N —| 30°N —
"o 7
25°N —| 25N —
TD"'W
AGGUMULATED PRECIPITATION {mm) ACCUMULATED TOTAL PRECIPITATION (mm) AGCUMULATED PRECIPITATION (mm})
0 20 40 80 80 100 120 140 160 180 200 220 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 TO -70 60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70
Indirect effect: increase mostly for regions with low CCN concentratations.
Differences depend on assumed CCN concentration for baseline
”~ |: 3
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PM10: July 2010 AT

Karlsruhe Institute of Technology

Baseline Difference direct - base Diff. (dir + indir) - base

WRF-Chem PM10 July 2010 WRF-Chem PM10 dry July 2010 WRF-Chem PM10 dry July 2010
Base case of Unv. Ljubliana Init: 2010-06-30_00:00:00 Ularf - UL Init: 2010-06-30_00:00:00 KIT - UL Init: 2010-06-30_00:00:00
pm10 dry mass (ug m*-3) pm10 dry mass {ug m”-3) pm10 dry mass (ug m"-3)

10°W 0° 10°E 20°E 30°E 40°E 10°W 0° 10°E 20°E 30°E 40°F 10°W 0° 10°E 20°E 30°E 40°E
pm10 dry mass (ug m"-3) pm10 dry mass (ug m*-3) Ppmi0dry mass (ug m*-3)
0 20 40 60 80 100 120 140 160 180 200 48 42 36 -30 24 -18-12 -6 0 6 12 18 24 30 36 42 48 48 42 -36 -30 24 -18-12 6 0 B 12 18 24 30 36 42 48

A =1 ; . -
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PM2.5: July 2010

Baseline

WRF-Chem PM 2.5 dry July 2010
Base case of Unv. Ljubliana

pm2.5 aerosol dry mass  (ug m*-3)

Init: 2010-06-30_00:00:00

7
2

50°N —

pm2.5 aerosol dry mass (ug m*-3)

10°E 20°E

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Refama tfeoFkekel | K IMVIKAKALFU
re nanaife.foekel itk eded u

Difference direct - base

WRF-Chem PM 2.5 dry July 2010
ULarf - UL

pmz2.5 aerosol dry mass  (ug m*=3)

Inlt: 2010-05-30_00:00:00

A- ’I_
t? ;
AQMEII\

Diff. (dir + indir) - base

WRF-Chem PM 2.5 dry July 2010

KIT- UL Inlt: 2010-06-30_00:00:00

pm2.5 agrosol dry mass  (ug m*=3)

W
o g2 "
R
UE

)—m I d
I L&

10°W o® 10°E

pm2.5 aerosol dry mass (ug m*=3)

14 1210 8 -6 4 2 0 2 4 & 8 10 12 14

10°W o 10°E

20°E 30°E

pm2.5 aerosol dry mass (ug m*=3)

14 -12-10 8 -6 4 -2 0 2 4 6 8 10 12 14
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Ozone: July 2010 SUT

Karlsruhe Institute of Technology

Baseline Difference direct - base Diff. (dir + indir) - base
Basesaseby il Y210 s o Chem Ozone July 2010 wmmommoosore  REChem Ozone Juy 2010 st 0000

O mixing ratio  (poerv) 03 mixing ratioc (ppmv)

BO°N

55°M

S0°M

45°M

40°N

35°N

25°N

Q3 mixing ratio {ppmv) 03 mixing ratio (ppmv) 03 miing ratio (ppmv)
A0 004 008 012 016 02 024 028 032 036 04 044 048 052 058 016 -012 -008 -004 .000 .004 .008 .012 .016 016 012 -008 -004 000 004 008 12 016
Only small effect of feedback, much larger effect of mechanism
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Ozone: July 2010 AT

Karlsruhe Institute of Technology

Baseline Difference direct - base Diff. (dir + indir) - base
‘g:{:e?;::b?zl?ce oy 2ot Init: 2010-06-30_00:00:00 WUE:ﬂ(?hSF Ozone July 2010 Init: 2010-06-30_00:00:00 WRF-Chem Ozone July 2010
KIT - UL Init: 2010-06-30_00:00:00

O mixing ratio  (poerv) 03 mixing ratic  (ppmv)

©3 mixing rafio  (ppmv)

10w o 10°E 20°E 0°E 40° 10°wW 0° 10°E 20°E 30°E 40°E
10°W 0 10°E 20°E 30°E 40°E
Q3 mixing ratio {ppmv) O3 mixing ratio (ppmv)
03 mixing ratio (ppmv)
A0 004 008 02 016 02 024 028 032 036 04 044 048 052 056 -016 -012 -008 -004 000 .004 .008 .012 .016

-016 -012 -008 -004 .00 .004 .008 .012 .016

Only small effect of feedback, much larger effect of mechanism

-~ v N
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Did feedback improve simulations?

Coze J316-002 — Box and Whisker plot — PM2_5 Concentration (O m agl) in ug m—3

Cata tire window: frotn 2010-07-01 ©01:00 te 2010-08-01 OC:C0

UTC — Poolk CEplus

PM2.5 July 2010
EIEE

Cragted by uzer rforkel on Z0714—03—-25 15:34:07 UTC
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Karlsruhe Institute of Technology

ADMEIZ ELY RECEPTORS
Aeroacl
Start: 2010—01-01 ©0:00 LTS

94
7h
50
Model(s) [delta metea] P
10
Ensemble & none rean
MEAS (1] R

Enzemble B: none
AT1 (2)
CE4 [3)
ES1 {4}
ESZ {5}
IT1 {6}
T2 {73
501 13)

F2 7
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Did feedback improve simulations?

Coze 0316-002 — Box and Whisker plot — PM2_5 Concentration (0 m agl) in ug m—23
Cata firme window: from 2010-01-01 01:00 to 2010-02-01 QD00 UTC — Paol: GEplus

300

250

00

120

100

a0

PM2.5 January 2010

Created by uzer rforkel on 20714—-03—25 15:26:43 UTC
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Karlsruhe Institute of Technology

ADMEIIZ EU) RECEPTORS
Aerosol
Start: 2010—-01-01 CO:00 LTS

i
7h
50
Model(s) [delta metea] 25
14
Ergemble & none —
MEAS [1) J—

Ergermble B: nons
aT1 [2)
DE4 [Z)
EST {4}
ESZ {5}
IT1 {6}
T2 {7
ST 13
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Herrmalicnd Standard Devinkion (=

Ozone: comparison with observations
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Conclusions Ka..\l‘(“'

rlsruhe Institute of Technology

+*» Joint effort for AQMEII2 with common grid and input permits
analysis of feedback effects on meteorology

¢ For the applied horizontal resolution, the impact of aerosol
feedbacks on pollutant distributions was frequently smaller
than the effect of the choice of the chemistry mechanism and
aerosol module, and microphysics scheme.

** No ‘best’ setup
*»» Differences depend on the parameters of the ‘base case’

and consiered region (here, inclusion of indirect effect can
reduce/enhance precipitation)

** Complete analysis of the indirect effect may require simultions
with higher resolution

** Cases could have been even more... ccosE %)
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